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ABSTRACT
The census of exoplanets is incomplete for orbital distances larger than 1 AU. Here, we
present 41 long-period planet candidates in 38 systems identified by Planet Hunters based
on Kepler archival data (Q0-Q17). Among them, 17 exhibit only one transit, 14 have
two visible transits and 10 have more than three visible transits. For planet candidates
with only one visible transit, we estimate their orbital periods based on transit duration
and host star properties. The majority of the planet candidates in this work (75%) have
orbital periods that correspond to distances of 1-3 AU from their host stars. We conduct
follow-up imaging and spectroscopic observations to validate and characterize planet host
stars. In total, we obtain adaptive optics images for 33 stars to search for possible blending
sources. Six stars have stellar companions within 4′′. We obtain high-resolution spectra
for 6 stars to determine their physical properties. Stellar properties for other stars are
obtained from the NASA Exoplanet Archive and the Kepler Stellar Catalog by Huber et al.
(2014). We validate 7 planet candidates that have planet confidence over 0.997 (3-σ level).
These validated planets include 3 single-transit planets (KIC-3558849b, KIC-5951458b, and
KIC-8540376c), 3 planets with double transits (KIC-8540376b, KIC-9663113b, and KIC-
10525077b), and 1 planet with 4 transits (KIC-5437945b). This work provides assessment
regarding the existence of planets at wide separations and the associated false positive rate
for transiting observation (17%-33%). More than half of the long-period planets with at least
three transits in this paper exhibit transit timing variations up to 41 hours, which suggest
additional components that dynamically interact with the transiting planet candidates. The
nature of these components can be determined by follow-up radial velocity and transit
observations.
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1. INTRODUCTION
Since its launch in March of 2009, the NASA Ke-
pler mission has been monitoring ∼160,000 stars in
order to detect transiting extrasolar planets with
high relative photometric precision (∼20 ppm in
6.5 h, Jenkins et al. 2010). In May 2013, the
Kepler main mission ended with the failure of
a second reaction wheel; however, the first four
years of Kepler data have led to a wealth of
planetary discoveries with a total of 4,706 an-
nounced planet candidates13 (Borucki et al. 2010,
2011; Batalha et al. 2013; Burke et al. 2014). The
confirmed and candidate exoplanets typically have
orbital periods shorter than 1000 days because at
least three detected transits are needed for iden-
tification by the automated Transit Planet Search
algorithm. Therefore, transiting exoplanets with
periods longer than ∼1000 days are easily missed.
land
13 http://exoplanetarchive.ipac.caltech.edu/ as of Nov 11
2015
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The detection of short-period planets is further fa-
vored because the transit probability decreases lin-
early with increasing orbital distance. For these
reasons, estimates of the statistical occurrence rate
of exoplanets tend to focus on orbital periods
shorter than a few hundred days (e.g., Fressin et al.
2013; Petigura et al. 2013; Dong & Zhu 2013). Ra-
dial velocity (RV) techniques also favor the de-
tection of shorter period orbits. While gas giant
planets have been discovered with orbital periods
longer than a decade, their smaller reflex veloc-
ity restricts detection of sub-Neptune mass plan-
ets to orbital radii less than ∼1 AU (Lovis et al.
2011). In principle, astrometric observations fa-
vor longer period orbits; however, high precision
needs to be maintained over the correspondingly
longer time baselines. For shorter periods, the plan-
ets need to be massive enough to introduce a de-
tectable astrometric wobble in the star and Gaia
should begin to contribute here (Perryman et al.
2001). Microlensing offers sensitivity to planets
in wider orbits and has contributed to our statis-
tical knowledge about occurrence rates of longer
period planets (e.g., Gaudi 2010; Cassan et al.
2012) and direct imaging of planets in wide orbits
is also beginning to contribute important informa-
tion (Oppenheimer & Hinkley 2009).
Here, we announce 41 long-period transiting ex-
oplanet candidates from the Kepler mission. These
planet candidates mostly have 1-3 visible tran-
sits and typically have orbital periods between 100
and 2000 days, corresponding to orbital separations
from their host stars of 1-3 AU. The candidate sys-
tems were identified by citizen scientists taking part
in the Planet Hunters project14. We obtain follow-
up adaptive optics (AO) images (for 33 host stars)
and spectroscopic observations (for 6 host stars) in
an effort to validate the planet candidates and char-
acterize their host stars. We derive their orbital and
stellar parameters by fitting transiting light curves
and performing spectral classification.
The Planet Hunters project began in Decem-
ber 2010 as part of the Zooniverse15 network of
Citizen Science Projects. The project displays
light curves from the Kepler mission to crowd-
source the task of identifying transits (Fischer et al.
2012). This method is effective in finding poten-
tial exoplanets not flagged by the Kepler data re-
duction pipeline, since human classifiers can of-
ten spot patterns in data that would otherwise
confuse computer algorithms. The detection ef-
ficiency of the volunteers is independent of the
number of transits present in the light curve, i.e.,
they are as likely to identify a single transit as
multiple transits in the same lightcurve, however
the probability of identifying planets is higher if
the transit is deeper. Schwamb et al. (2012b) de-
scribed the weighting scheme for transit classifi-
cations. Wang et al. (2013) and Schmitt et al.
(2014a) described the process of vetting planet can-
didates in detail as well as the available tools on the
14 http://www.planethunters.org/
15 https://www.zooniverse.org
Planet Hunters website.
The paper is organized as follows. In §2, we model
transiting light curves of planet candidates and de-
rive stellar and orbital properties of these candidate
systems. In §3, we present adaptive optics (AO)
imaging for 33 systems and spectroscopic observa-
tions for 6 systems. In §4, we calculate planet confi-
dence for each planet candidate and discuss notable
candidate systems. Finally, we conclude in §5 with
a summary and discussions of future prospects.
2. PLANET CANDIDATES AND THEIR HOST STARS
Planet Hunters identified 41 long-period planet
candidates around 38 stars. In this section, we de-
scribe the procedures with which we modeled these
transit curves and estimated the stellar properties
of their host stars. Since 17 planet candidates ex-
hibit only one visible transit, their orbital periods
can not be well-determined. We provide a method
of constraining the orbital period for a single-transit
event based on transit duration and host star prop-
erties.
2.1. Modeling Light Curves
We downloaded the Kepler light curves from the
Mikulski Archive for Space Telescopes (MAST16)
and detrended the quarterly segments using the
autoKep software in the Transit Analysis Pack-
age (TAP, Gazak et al. 2012). The light curves were
then modeled using TAP which adopts an analytic
form for the model described by Mandel & Agol
(2002). The free parameters in the model include
orbital period, eccentricity, argument of periastron,
inclination, the ratio of semi-major axis and stel-
lar radius a/R∗, the planet-star radius ratio Rp/R∗,
mid transit time, linear and quadratic limb darken-
ing parameters. We are particularly interested in
Rp/R∗ and a/R∗. The former is used to determine
the planet radius. The latter helps to estimate the
orbital periods for planet candidates with only one
visible transit. The following equation of constrain-
ing orbital period is derived based on Equation 18
and 19 from Winn (2010):
P
1 yr
=
(
T
13 hr
)3
·
(
ρ
ρ⊙
)
· (1− b2)− 32 , (1)
where P is period, T is the transit duration, i.e., the
interval between the halfway points of ingress and
egress, ρ is stellar density, ρ⊙ is the solar density,
and b is the impact parameter. In a transit observa-
tion, the transit duration, T , is an observable that
can be parametrized the follow way:
T =
1
pi
· P ·
(
a
R∗
)−1
·
√
(1 − b2) ·
√
1− e2
1 + e sinω
, (2)
where e is orbital eccentricity and ω is the argument
of periastron.
Most of planet candidates in this paper have or-
bital periods between 100 and 2000 days, and some
16 http://archive.stsci.edu
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of these are likely to be in eccentric orbits. Ec-
centricity affects the transit duration. For exam-
ple, the transiting duration of a planet on an ec-
centric orbit can be longer than that for a circular
orbit if viewed from the time of apastron. Unfor-
tunately, it is very difficult to know whether long
transit durations are caused by long orbital periods
or high eccentricities, especially if the stellar radius
is uncertain. However, since 80% of known planets
with orbital periods longer than 100 days have ec-
centricities lower than 0.317, we adopt a simplified
prior assumption of zero eccentricity in our models.
This feeds into our estimates for orbital periods of
those systems with only one transit, however the
effect is not large. The main uncertainty for the
planet period estimation comes from uncertainties
in the stellar radius. For example, a typical 40%
stellar radius error translates to a ∼40% a/R∗ er-
ror. Given that the observable T stays the same,
the 40% stellar radius error leads to 40% period
estimation error according to Equation 2. In com-
parison, floating the eccentricity between 0 and 0.3
typically changes P by 20%. Therefore, the effect of
eccentricity is smaller than the effect of stellar ra-
dius error on period estimation. Furthermore, set-
ting eccentricity to zero reduces the number of free
parameters by two, i.e., eccentricity and argument
of periastron; this facilitates the convergence of the
Markov chains in TAP analysis. This is especially
useful when there are only 1-4 transits available to
constrain the model. The posterior distribution of
the MCMC analysis is used to contain the orbital
period (§2.3) for systems that only have a single
transit.
We report results of light curve modeling for sys-
tems with only one observed transit (Table 1, shown
in Fig. 1 and Fig. 2), two transits (Table 2, shown
in Fig. 3), and three transits (Table 3, shown in
Fig. 4).
2.2. Stellar Mass and Radius
Characterizing host stars for planetary systems
helps us to better understand the transiting planets.
In particular, the planet radius can be calculated
only if stellar radius is estimated. Stellar density is
required for estimating the orbital periods for those
planets that exhibit only one transit (see Equation
1). We estimate stellar mass and radius in a similar
way as Wang et al. (2014): we infer these two stellar
properties using the Yale-Yonsei Isochrone interpo-
lator (Demarque et al. 2004). The inputs for the
interpolator are Teff , log g, [Fe/H], α element abun-
dance [α/H] and stellar age. The first three param-
eters can be obtained by analyzing follow-up stel-
lar spectra or from the NASA Exoplanet Archive18
and the updated Kepler catalog for stellar proper-
ties (Huber et al. 2014). We set [α/H] to be the
solar value, zero, and allow stellar age to vary be-
tween 0.08 and 15 Gyr. We ran a Monte Carlo
simulation to consider measurement uncertainties
of Teff , log g, [Fe/H]. For stars with spectroscopic
17 http://exoplanets.org/
18 http://exoplanetarchive.ipac.caltech.edu
follow-up observations (§3.2), the uncertainties are
based on the MOOG spectroscopic analysis (Sneden
1973). For stars that are Kepler Objects of Interest
(KOIs), the uncertainties are from the NASA Exo-
planet Archive. We report the 1σ ranges for stellar
masses and radii in Table 4 along with Teff , log g,
and [Fe/H].
2.3. Orbital Period
Orbital periods are a fundamental parameter for
exoplanets and are often used to understand the
prospects for habitability. For systems with more
than one visible transit, we determined the or-
bital period by calculating the time interval between
transits. The uncertainty of the orbital period is
calculated by propagating the measurement error
of the mid transit time of each transit. For systems
with only one visible transit, we use Equation 1 to
estimate the orbital period P , as a function of the
transit duration T , stellar density ρ, and the im-
pact parameter b. T and b can be constrained by
modeling the transiting light curve. For instance, T
can be measured directly from the transit observa-
tion, and b can be inferred by fitting the light curve.
On the other hand, ρ can be constrained by stellar
evolutionary model as described in §2.2. Therefore,
with knowledge of T , ρ, and b from transit obser-
vation and stellar evolutionary model, we can con-
strain the orbital period for planet candidates with
only a single transit.
We start with a test TAP run to obtain the pos-
terior distribution of the transit duration T (Equa-
tion 2) and impact parameter b. The distribution
of stellar density can be obtained from the process
as described in §2.2. We then start a Monte Carlo
simulation to infer the distribution of orbital period.
In the simulation, we sample from T , b and ρ dis-
tributions, which result in a distribution of orbital
period. We report the mode and 1-σ range of orbital
period in Table 1.
We investigate the error of our period estimation
using systems with known orbital periods. For the
24 planet candidates with 2-4 transits in this paper,
we compare the period (P¯ ) estimated from individ-
ual transit and the period (P ) based on the interval
between mid-transit, which is much more precise
than P¯ . If P¯ and P are in agreement within 1-σ
error bars, then the method used for single-transit
systems would seem to give a reasonable estimate
and uncertainty for orbital period. The left panel
of Fig. 5 shows the distribution of the difference
between P¯ and P normalized by measurement un-
certainty δP , which is calculated as half of the 1-σ
range from the Monte Carlo simulation. About 69%
of the comparisons are within 1-σ range, which in-
dicates that P¯ and P agree for the majority of cases
and δP is a reasonable estimation of measurement
uncertainty. The right panel of Fig. 5 shows the
fractional error (δP/P ) distribution of the orbital
periods estimated from individual transit. The me-
dian fractional error is 1.4 and the fractional error
is smaller than 50% for 34% of cases, which suggests
that the period estimated from an individual transit
has a large uncertainty, i.e., hundreds of days. This
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is because of the weak dependence of transit dura-
tion on orbital period, i.e., T ∼ P 1/3, a large range
of P would be consistent with the measured transit
duration. As a result, orbital period uncertainty for
systems with a single transit is much larger than
systems with more than one visible transit. How-
ever, the estimation of orbital period provides a time
window for follow-up observations.
3. FOLLOW-UP OBSERVATIONS
Follow-up observations include AO imaging and
spectroscopy of host stars with planet candi-
dates. AO imaging can identify additional stel-
lar components in the system or in the fore-
ground/background. These can be potential sources
for flux contamination (e.g., Dressing et al. 2014)
or false positives (e.g., Torres et al. 2011). Spec-
troscopic follow-up observations are used to derive
stellar properties that are more reliable than those
derived with multi-band photometry. Furthermore,
since follow-up observations exclude some scenarios
for false positives, the likelihood of a planet candi-
date being a bona-fide planet can be increased and a
planet candidate can be statistically validated (e.g.,
Barclay et al. 2013). In this section, we describe
our AO imaging and spectroscopic follow-up obser-
vations. In addition, we discuss sources from which
we obtain archival data and information about these
planet host stars.
3.1. Adaptive Optics Observations
In total, AO images were taken for 33 stars with
planet candidates in this paper. We observed 30 tar-
gets with the NIRC2 instrument (Wizinowich et al.
2000) at the Keck II telescope using the Natural
Guiding Star mode. The observations were made
on UT July 18th and August 18th in 2014, and Au-
gust 27-28 in 2015 with excellent/good seeing be-
tween 0.3′′ to 0.9′′. NIRC2 is a near infrared im-
ager designed for the Keck AO system. We selected
the narrow camera mode, which has a pixel scale
of 9.952 mas pixel−1 (Yelda et al. 2010). The field
of view (FOV) is thus ∼10′′×10′′ for a mosaic 1K
×1K detector. We started the observation in the
Ks band for each target. The exposure time was
set such that the peak flux of the target is at most
10,000 ADU for each frame, which is within the lin-
ear range of the detector. We used a 3-point dither
pattern with a throw of 2.5′′. We avoided the lower
left quadrant in the dither pattern because it has a
much higher instrumental noise than other 3 quad-
rants on the detector. We continued observations of
a target in J and H bands if any stellar companions
were found.
We observed 1 target with the PHARO
instrument(Brandl et al. 1997; Hayward et al.
2001) at the Palomar 200-inch telescope. The
observation was made on UT July 13rd 2014 with
seeing varying between 1.0′′ and 2.5′′. PHARO
is behind the Palomar-3000 AO system, which
provides an on-sky Strehl of up to 86% in K
band (Burruss et al. 2014). The pixel scale of
PHARO is 25 mas pixel−1. With a mosaic 1K
×1K detector, the FOV is 25′′×25′′. We normally
obtained the first image in the Ks band with a
5-point dither pattern, which had a throw of 2.5′′.
The exposure time setting criterion is the same as
the Keck observation: we ensured that the peak
flux is at least 10,000 ADU for each frame. If a
stellar companion was detected, we observed the
target in J and H bands.
We observed 11 targets between UT 2014 Aug
23rd and 30th with the Robo-AO system installed
on the 60-inch telescope at Palomar Observatory
(Baranec et al. 2013, 2014). Observations consisted
of a sequence of rapid frame-transfer read-outs of an
electron multiplying CCD camera with 0.′′043 pix-
els at 8.6 frames per second with a total integra-
tion time of 90 s in a long-pass filter cutting on at
600nm. The images were reduced using the pipeline
described in Law et al. (2014). In short, after
dark subtraction and flat-fielding using daytime cal-
ibrations, the individual images were up-sampled,
and then shifted and aligned by cross-correlating
with a diffraction-limited PSF. The aligned images
were then co-added together using the Drizzle al-
gorithm (Fruchter & Hook 2002) to form a single
output frame. The final “drizzled” images have a
finer pixel scale of 0.′′02177/pixel.
The raw data from NIRC2 and PHARO were pro-
cessed using standard techniques to replace bad pix-
els, flat-field, subtract thermal background, align
and co-add frames. We calculated the 5-σ detection
limit as follows. We defined a series of concentric
annuli centering on the star. For the concentric an-
nuli, we calculated the median and the standard
deviation of flux for pixels within these annuli. We
used the value of five times the standard deviation
above the median as the 5-σ detection limit. We
report the detection limit for each target in Table
5. Detected companions are reported in Table 6.
3.2. Spectroscopic Observation
We obtained stellar spectra for 6 stars using the
East Arm Echelle (EAE) spectrograph at the Palo-
mar 200-inch telescope. The EAE spectrograph
has a spectral resolution of ∼30,000 and covers the
wavelength range between 3800 to 8600 A˚. The ob-
servations were made between UT Aug 15th and
21st 2014. The exposure time per frame is typically
30 minutes. We usually obtained 2-3 frames per
star and bracketed each frame with Th-Ar lamp ob-
servations for wavelength calibration. Because these
stars are faint with Kepler magnitudes mostly rang-
ing from 13 to 15.5 mag, the signal to noise ratio
(SNR) of their spectra is typically 20-50 per pixel
at 5500 A˚.
We used IDL to reduce the spectroscopic data to
get wavelength calibrated, 1-d, normalized spectra.
These spectra were then analyzed by the newest ver-
sion of MOOG (Sneden 1973) to derive stellar prop-
erties such as effective temperature (Teff), surface
gravity (log g) and metallicity [Fe/H] (Santos et al.
2004). The iron line list used here was obtained
from Sousa et al. (2008) excluding all the blended
lines in our spectra due to a limited spectral reso-
Long-Period Exoplanets 5
lution. The measurement of the equivalent widths
was done systematically by fitting a gaussian pro-
file to the iron lines. The equivalent widths together
with a grid of Kurucz Atlas 9 plane-parallel model
atmospheres (Kurucz 1993) were used by MOOG
to calculate the ion abundances. The errors of the
stellar parameters are estimated using the method
described by Gonzalez & Vanture (1998). The tar-
gets with spectroscopic follow-up observations are
indicated in Table 4.
3.3. Archival AO and Spectroscopic Data From
CFOP
For those targets for which we did not con-
duct follow-up observations, we searched the Ke-
pler Community Follow-up Observation Program19
(CFOP) for archival AO and spectroscopic data.
We found that only one target had AO images from
CFOP. KIC-5857656 was observed at the Large
Binocular Telescope on UT Oct 3rd 2014, but the
image data was not available. A total of 14 of tar-
gets had spectroscopic data based on CFOP, but
only 8 of them had uploaded stellar spectra. We
used the spectroscopically-derived stellar properties
for these stars in the subsequent analyses.
3.4. Stars without AO and Spectroscopic Data
For stars without AO and spectroscopic data, we
obtained their stellar properties from the NASA
Exoplanet Archive if they were identified as Ke-
pler Objects of Interest (KOIs). If the stars are
not KOIs, then we obtained their stellar properties
from the update Kepler catalog for stellar proper-
ties (Huber et al. 2014).
4. PLANET CANDIDATES AND NOTABLE SYSTEMS
Fig. 6 shows a scatter plot of planet radii and
orbital periods for planet candidates found with the
Kepler data. Most of the known KOIs (88%) have
orbital periods shorter than 100 days so the planet
candidates discovered by the Planet Hunters help
to extend the discovery space into the long period
regime. We emphasize that we have included in this
paper planet candidates with one or two observed
transits which would otherwise excluded by the Ke-
pler pipeline. This approach enables the Planet
Hunters project to be more sensitive to long-period
planet candidates, allowing us to explore a larger
parameter space.
4.1. Planet Confidence of Planet Candidates
The follow-up observations for these long-period
candidates help to exclude false positive scenarios
such as background or physically-associated eclips-
ing binaries. We use a method called planetary
synthesis validation (PSV) to quantify the planet
confidence for each planet candidate (Barclay et al.
2013). PSV has been used to validate several
planet candidates such as Kepler-69c (Barclay et al.
2013), PH-2b (Wang et al. 2013), and Kepler-
102e (Wang et al. 2014). PSV makes use of tran-
siting observations and follow-up observations to
19 https://cfop.ipac.caltech.edu
exclude improbable regions in parameter space for
false positives. For parameter space that cannot be
excluded by observations, PSV adopts a Bayesian
approach to calculate the probability of possible
false positives and gives an estimation of planet
confidence between 0 and 1 with 1 being an ab-
solute bona-fide planet. We adopt a planet confi-
dence threshold of 0.997 (3-σ) for planet validation.
The threshold is more conservative than previous
works (e.g., Rowe et al. 2014).
The inputs for the PSV code are planet radius,
transit depth, pixel centroid offset between in and
out of transit, pixel centroid offset significance (i.e.,
offset divided by measurement uncertainty), num-
ber of planet candidates, and the AO contrast curve
of the host star in the absence of stellar compan-
ion detection. Wang et al. (2013) provided details
in the procedures of deriving these inputs and the
methodology for the PSV method. The output of
the PSV code is the planet confidence, the ratio
between planet prior and the sum of the planet
prior and possible false positives. Table 7 pro-
vides the results of PSV. There are 7 planet candi-
dates that have planet confidences over 0.997. Their
planet statuses are therefore validated. These plan-
ets include three planets with a single transit (KIC-
3558849b or KOI-4307b, KIC-5951458b, and KIC-
8540376c), 3 planets with double transits (KIC-
8540376b, KIC-9663113b or KOI-179b, and KIC-
10525077b or KOI-5800b), and 1 planet with 4 tran-
sits (KIC-5437945b or KOI-3791b). The notation
for each planet (e.g., b, c, d) starts from the inner-
most planet candidate.
Since this work contains single and double-transit
planet candidates that are typically overlooked
by the Kepler mission (Borucki et al. 2010, 2011;
Batalha et al. 2013; Burke et al. 2014), it is infor-
mative to investigate the false positive rate for this
population of planet candidates. Out of 24 candi-
date systems for which we have AO data, 6 have
detected stellar companions (see Table 6). Depend-
ing on which star hosts the transiting object, 4
systems may be false positives due to an underes-
timated radius (see further discussions in the fol-
lowing sections). These systems are KIC-8510748
(1-transit), KIC-8636333 (2-transit), KIC-11465813
(3-transit), and KIC-12356617 (2-transit). Two
other systems have planet candidates whose radii
remain in the planetary regime despite the flux di-
lution effect (KIC-5732155 and KIC-10255705). In
addition, two candidate systems have planet con-
fidences lower than 0.85 (KIC-10024862 and KIC-
11716643). If considering all candidate systems with
detected stellar companions and candidate systems
with planet confidences lower than 0.85 as false pos-
itives, an aggressive estimation of the false positive
rate for single or double-transit planet candidates is
33%. If considering only the 4 candidates systems
that may be false positives due to flux dilution, a
conservative estimation of the false positive rate is
17%.
4.2. Single-Transit Systems
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3558849 This star is listed as KOI-4307 and has
one planet candidate with period of 160.8 days, but
KOI-4307.01 does not match with the single transit
event. Therefore this is an additional planet can-
didate in the same system. The additional single-
transit planet candidate KIC-3558849b is validated
with a planet confidence of 0.997.
5010054 This target is not in the threshold cross-
ing event (TCE) or KOI tables. Three visible tran-
sits are attributed to two planet candidates. The
first two at BKJD 356 and 1260 (Schmitt et al.
2014a) are from the same object (they are included
in the following Double-Transit Systems section).
The third transit at BKJD 1500 is different in both
transit depth and duration, so it is modeled here as
a single transit from a second planet in the system.
5536555 There are two single-transit events for
this target (BKJD 370 and 492). We flag the one
at BKJD 370 as a cosmic-ray-induced event. It is
caused by Sudden Pixel Sensitivity Dropout (SPSD,
Christiansen et al. 2013; Kipping et al. 2015). Af-
ter a cosmic ray impact, a pixel can lose its sen-
sitivity for hours, which mimics a single-transit
event. A cosmic ray hitting event is marked as a
SAP QUALITY 128 event when cosmic ray hits pix-
els within photometric aperture and marked as a
SAP QUALITY 8192 event when cosmic ray hits
adjacent pixels of a photometric aperture. The
single-transit event at BKJD 370 coincides with
with a SAP QUALITY 128 event, so we caution
that it may be an artifact. However, the single-
transit event at BKJD 492 is still a viable candidate.
Single-transit events that are caused by SPSD are
also found for other Kepler stars. We list here the
SPSDs found by Planet Hunters and the associated
BKJDs: KIC-9207021 (BKJD 679), KIC-9388752
(BKJD 508), and KIC-10978025 (BKJD 686).
5951458 This planet candidate KIC-5951458b is
validated with a planet confidence of 0.998.
8540376 There are only two quarters of data for
this target (Q16 and Q17). However, there are three
planet candidates in this system. One starts at
BKJD 1499.0 and has an orbital period of 10.7 days.
One has only two observed transits with an orbital
period of 31.8 days. The two-transit system will be
discussed in the following section (§4.3). There is a
single-transit event (BKJD 1516.9), which appears
to be independent of the previous two planet candi-
dates. This single-transit event would be observed
again soon because its orbital period has a 1-σ upper
limit of 114.1 days. The planet candidate exhibit-
ing single transit (KIC-8540376c) is validated with
a planet confidence of 0.999.
9704149 There is a second possible transit at
BKJD 1117, but only ingress is recorded here and
the rest of the transit is lost due to a data gap. If
the second transit is due to the same object, then
the orbital period is 697.3 days, which is at odds
with the estimated period at 1199.3 days.
10024862 In addition to the single transit event,
there is also a second object with three visible tran-
sits (P = 567.0 days, see §4.4). The triple-transit
system was also reported in Wang et al. (2013), but
there were only two visible transits at that time.
10403228 This is a transit event from a planet
around a M dwarf. Despite the deep transit (∼5%),
the radius of the transiting object is within plan-
etary range (RP = 9.7 R⊕). However, the transit
is v-shaped, suggesting a grazing transit and the
true nature of the transiting object is uncertain.
For the M star, we adopt stellar mass and radius
from Huber et al. (2014) which uses the Dartmouth
stellar evolutionary model (Dotter et al. 2008).
10842718 The orbital period distribution given
the constraints from transit duration and stellar
density (§2.3) has two peaks. One is at ∼1630
days, the other one is at ∼10,000 days. The bi-
modal distribution suggests that the orbital period
of this transiting object could be much longer than
reported in Table 1, however the probability for
a transiting planet with a period of ∼10,000 days
is vanishingly low, giving stronger weight to the
shorter period peak.
4.3. Double-Transit Systems
3756801 This object is first mentioned
in Batalha et al. (2013) and designated as KOI-
1206. Surprisingly, it appears that only one transit
was detected by Batalha et al. (2013). It does not
appear in the Kepler TCE table because a third
transit was not observed.
5732155 A stellar companion has been detected
in KS band that is 4.94 magnitudes fainter. The
separation of the stars is 1′′ (Table 6). The flux con-
tamination does not significantly change the transit
depth and thus does not affect planet radius estima-
tion. The stellar companion is so faint that even a
total eclipsing binary would not yield the observed
transit depth.
6191521 This target is listed as KOI-847 and
has one planet candidate with orbital period of 80.9
days. Here, we report a second, longer-period planet
candidate that was not previously detected in the
system.
8540376 There are only two quarters of data
for this target (Q16 and Q17), but there are three
planet candidates in this system. The longer period
single-transit event has been discussed in §4. The
double-transit event starts at BKJD 1520.3 and has
a period of 31.8 days. The shortest period planet
(10.7 days) has transits that begin at BKJD 1499.0.
The double-transit planet candidate KIC-8540376b
is validated with a planet confidence of 0.999.
8636333 This target is listed as KOI-3349 and
has two planet candidates. One is KOI-3349.01
with period of 82.2 days; the other one was re-
ported in Wang et al. (2013) with period of 804.7
days. Here, we report the follow-up observations
for this star: a fainter stellar companion has been
detected in H and KS bands (Table 6) with differ-
ential magnitudes of 1.58 and 1.71 in these filters
respectively. We estimate their Kepler band magni-
tudes to be different by ∼ 3 mag. Based on Fig. 11
in Horch et al. (2014), a correction for the radius
of the planet that accounts for flux from the stel-
lar companion would increase the planet radius by
a small amount, ∼3%. However, if the two candi-
dates are transiting the fainter secondary star, then
Long-Period Exoplanets 7
their radii would increase by a factor of ∼3. In this
case, although the radii for both candidates would
remain in planetary range, the longer-period candi-
date would be at the planetary radius threshold.
9663113 This target is listed as KOI-179 and
has two planet candidates. One is KOI-179.01
with period of 20.7 days. KOI-179.02 was reported
in Wang et al. (2013) with period of 572.4 days with
two visible transits. The expected third transit at
BKJD 1451 is missing, but the expected position is
in a data gap. The double-transit planet candidate
KIC-9663113b is validated with a planet confidence
of 0.999.
10255705 This target was reported
in Schmitt et al. (2014a). Follow-up AO ob-
servation shows that there is a nearby stellar
companion (Table 6). The companion is ∼2 mag
fainter in Kepler band. If the planet candidate
orbits the primary star, then the planet radius ad-
justment due to flux contamination is small. If the
planet candidate orbits around the newly detected
stellar companion, then the planet radius is revised
upward by a factor of ∼2 (Horch et al. 2014), but
the adjusted radius is still within planetary range.
10460629 This target is listed as KOI-1168 and
has one planet candidate that matches with the
double-transit event. There are two deep v-shaped
dips in the lightcurve at BKJD 608.3 and 1133.3,
likely indicating an eclipsing binary within the
planet orbit. These v-shaped transits are so deep
(about 13%) that they could easily be followed up
from the ground. If the planet interpretation is cor-
rect for the other two transit events, then this could
be an circumbinary planet candidate. However, this
system is likely to be a blending case in which two
stars are in the same photometric aperture. This
system is discussed further in §5.2.
10525077 This target is listed as KOI-5800
and has one planet candidate with period of 11.0
days. The second planet candidate was reported
in Wang et al. (2013) with period of 854.1 days.
There are two transits at BKJD 355.2 and 1189.3.
In between these two transits, there is a data gap at
762.3, preventing us from determining whether the
orbital period is 854.1 days or half of the value, i.e,
427.05 days. This planet candidate KIC-10525077b
is validated with a planet confidence of 0.998.
12356617 This target is listed as KOI-375 and
has one planet candidate that matches with the
double-transit event. Follow-up AO observation
shows that there is one faint stellar companion at
3.12′′ separation. If the transit occurs for the pri-
mary star, the radius adjustment due to flux con-
tamination is negligible. If the transit occurs for the
secondary star, then this is a false positive.
4.4. Triple or Quadruple Transit Systems
5437945 This target is listed as KOI-3791and
has two planet candidates in 2:1 resonance.
KOI-3791.01 was reported in Wang et al. (2013)
and Huang et al. (2013). The fourth transit ap-
pears at BKJD 1461.8. The longer-period planet
candidate KIC-5437945b is validated with a planet
confidence of 0.999.
5652983 This target is listed as KOI-371 and has
one planet candidate that matches with the triple-
transit event. The radius of the transiting object is
too large to be a planet, and thus the triple-transit
event is a false positive, which is supported by the
notes from CFOP that large RV variation has been
observed.
6436029 This target is listed as KOI-2828 and
has two planet candidates. KOI-2828.02 with pe-
riod of 505.5 days matches the triple-transit event.
KOI-2828.02 was reported in Schmitt et al. (2014a),
but there were only two visible transits.
7619236 This target is listed as KOI-5205 and
has one planet candidate that matches with the
triple-transit event. It exhibits significant transit
timing variations (TTVs). The time interval be-
tween the first two transits is different by ∼27 hours
from the time interval between the second and the
third transit.
8012732 This object was reported in Wang et al.
(2013). It exhibits significant TTVs. The time in-
terval between the first two transits is different by
∼20 hours from the time interval between the sec-
ond and the third transit.
9413313 This object was reported in Wang et al.
(2013). It exhibits significant TTVs. The time in-
terval between the first two transits is different by
∼30 hours from the time interval between the sec-
ond and the third transit.
10024862 This object was reported
in Wang et al. (2013), but only two transit
were observed then. The third transit is observed
at BKJD 1493.8. It exhibits significant TTVs.
The time interval between the first two transits
is different by ∼41 hours from the time interval
between the second and the third transit.
10850327 This target is listed as KOI-5833
and has one planet candidate that matches with
the triple-transit event. The object was reported
in Wang et al. (2013), but there were only two tran-
sit observed then.
11465813 This target is listed as KOI-771 and
has one planet candidate that matches with the
triple-transit event. The transit depth is varying.
This target also has a single transit at BKJD 1123.5.
A stellar companion has been detected (Table 6).
From the colors of the companion, we estimate the
differential magnitude to be 0.7 mag. The radius
of the object would be revised upward by 23% or
150% depending on whether the object orbits the
primary or the secondary star. In either case, it is
likely that this object is a false positive.
11716643 This target is listed as KOI-5929 and
was reported in Wang et al. (2013), but there were
only two transits observed then. It exhibits TTVs.
The time interval between the first two transits is
different by ∼2.7 hours from the time interval be-
tween the second and the third transit.
4.5. Notable False Positives
In addition to the systems with single-transit
events flagged as SPSDs in §4.2, we list other tran-
siting systems that are likely to be false positives.
1717722 This target is listed as KOI-3145 with
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two known planet candidates. Neither candidate
matches the single transit event at BKJD 1439.
This single transit is likely spurious, as pixel cen-
troid offset between in- and out-of-transit are seen
for this transit.
3644071 This target is listed as KOI-1192 and
has one false positive (02) and one candidate (01).
The epoch for candidate KOI-1192.01 matches with
the epoch of the single transit event in this paper.
According to notes on CFOP, the KOI-1192 event
is “due to video crosstalk from an adjacent CCD
readout channel of the image of a very bright, highly
saturated star”. This effect causes the varying tran-
sit depth and duration. The explanation is further
supported by the apparent pixel offset between in-
and out-of-transit for both KOI-1192.01 and KOI-
1192.02. So KOI-1192.01 is also likely to be a false
positive.
9214713 This target is listed as KOI-422 and has
one planet candidate that matches with the double-
transit event found by Planet Hunters. Significant
pixel centroid offset is found between in- and out-
of-transit although follow-up AO and spectroscopic
observations show no sign of nearby stellar compan-
ions.
10207400 This target is currently not in either
the Kepler KOI or TCE tables. There is a pixel
centroid offset between in- and out-of-transit.
5. SUMMARY AND DISCUSSION
5.1. Summary
We report 41 long-period planet candidates
around 38 Kepler stars. These planet candidates
are identified by the Planet Hunters based on the
archival Kepler data from Q0 to Q17. We conduct
AO imaging observations to search for stellar com-
panions and exclude false positive scenarios such
as eclipsing binary blending. In total, we obtain
AO images for 33 stars. We detect stellar compan-
ions around 6 stars within 4′′, KIC-5732155, KIC-
8510748, KIC-8636333 (KOI-3349), KIC-10255705,
KIC-11465813 (KOI-771), and KIC-12356617 (KOI-
375). The properties of these stellar companions
are given in Table 6. For those stars with non-
detections, we provide AO sensitivity limits at dif-
ferent angular separations (Table 5). We obtain
high-resolution spectra for a total of 6 stars. We
use the stellar spectra to infer stellar properties
such as stellar mass and radius which are used for
orbital period estimation for single-transit events.
The stellar properties of planet host stars are given
in Table 4. We model the transiting light curves
with TAP to obtain their orbital parameters. Ta-
ble 1, Table 2 and Table 3 give the results of light
curve modeling for single-transit, double-transit,
and triple/quardruple-transit systems, respectively.
Based on transiting and follow-up observations, we
calculate the planet confidence for each planet can-
didate. Seven planet candidates have planet con-
fidence above 0.997 and are thus validated. These
planets include 3 planets with a single transit (KIC-
3558849b or KOI-4307b, KIC-5951458b, and KIC-
8540376c), 3 planets with double transits (KIC-
8540376b, KIC-9663113b or KOI-179b, and KIC-
10525077b or KOI-5800b), and 1 planet with 4 tran-
sits (KIC-5437945b or KOI-3791b). We estimate
the false positive rate to be 17%-33% for 1-transit
and 2-transit events.
5.2. KIC-10460629: An Interesting Case
At first glance, KIC-10460629 might be an ex-
treme circumbinary planetary system if confirmed
with a P = 856.7 days planet and a P = 525
days eclipsing binary star. The ratio of semi-major
axis of the transiting planet to the eclipsing sec-
ondary star is ∼1.4. The tight orbital configura-
tion makes the system dynamically unstable. Ac-
cording to Equation 3 in Holman & Wiegert (1999),
the minimum semi-major axis ratio for a stable or-
bit around a binary star is 2.3 for a binary with
e = 0 and µ = 0.5, where µ is the mass ratio of
the primary to the secondary star estimated from
the transit depth (13%). Therefore, KIC-10460629
should be dynamical unstable. Furthermore, the
minimum semi-major axis ratio increases with in-
creasing eccentricity, which makes the systems even
more unstable for eccentric orbits based on the cri-
terion from Holman & Wiegert (1999).
A more likely explanation for the observed two
sets of transits is a blending case, in which two stars
are within the photometric aperture and each has
one set of transits. There are two possibilities in
the blending case. For the first case (referred to as
Case A), the deep transit takes place around the
brighter star and the shallower transit takes place
around the fainter star. In this case, the fainter star
needs to brighter than 7.8 differential magnitude in
the Kepler band, otherwise it does not produce the
observed 784 ppm transit even with a total ecplise.
Our AO observations are not deep enough to rule
out this scenario. For second possible blending case
(referred to as Case B), the deep transit takes place
around the fainter star and the shallower transit
takes place around the brighter star. In this case,
the fainter star needs to be brighter than 2.2 dif-
ferential magnitude in the Kepler band in order to
produce the observed 13% transit depth. This pos-
sibility is ruled out by our AO observations for an-
gular separations larger than 0′′.1. The blending
has to happen within 0′′.1 angular separation for
Case B. There might be a Case C, in which the two
shallower transits are not caused by the same ob-
ject. However, there is no evidence that this is the
case given the similarity of the two transits (see Fig.
3).
Follow-up observations are necessary to determine
the nature of this transiting system. For Case A, a
deeper AO observation is required to confirm or rule
out the fainter star. For Case B, a high-resolution
spectroscopy of the target would reveal the fainter
source since it is at least 13% as bright as the
brighter star. Long time-baseline RV observations
can also differentiate the two cases. For Case A,
a clear stellar RV signal should be observed. In
case B, the precision of RV measurements may not
be adequate to map out the orbit of the transiting
planet candidate with a Neptune-size given the low-
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mass and the faintness of the host star (KP = 14.0).
Ground-based transiting follow-up observations can
certainly catch the transit of the secondary star at
13% depth. The next transit of the secondary star
will on UT June 1st 2016. The transit depth of the
planet candidate is ∼800 ppm, which may be de-
tected by ground-based telescopes. The next shal-
lower transit will be on UT August 30 2016. This
may confirm or rule out Case C.
5.3. Evidence of Additional Planets in Systems
with Long-Period Transiting Planets
TTVs indicate the likely presence of additional
components in the same system that dynamically
interacting with transiting planet candidates. For
the 10 systems with 3-4 visible transits for which we
can measure TTVs, 50% (5 out of 10) exhibit TTVs
ranging from ∼2 to 40 hours. Four systems have
synodic TTV larger than 20 hours, making them the
“queens” of transit variations as opposed to the 12-
hr “king” system KOI-142 (Nesvorny´ et al. 2013).
Excluding two likely false positives, KIC-5652983
(large RV variation) and KIC-11465813 (blending),
the fraction of systems exhibiting TTVs goes up
to 68%. All such systems host giant planet can-
didates with radii ranging from 4.2 to 12.6 R⊕.
Based on Equation 10 in Deck & Agol (2015), or
Fig. 6 in Nesvorny´ & Vokrouhlicky´ (2014), an or-
der of magnitude estimation for the mass of the per-
turber is a few Jupiter masses, assuming an orbital
separation corresponding to a period ratio . 2, and
low eccentricity orbits. In general, to maintain the
same amplitude synodic TTV, the mass of the per-
turber would need to increase for wider separations,
and decrease for smaller.
This result suggests that most long-period tran-
siting planets have at least one additional compan-
ion in the same system. This finding is consistent
with the result in Fischer et al. (2001) that almost
half (5 out of 12) of gas giant planet host stars
exhibit coherent RV variations that are consistent
with additional companions. This finding is further
supported by a more recent study of companions
to systems with hot Jupiters (Knutson et al. 2014;
Ngo et al. 2015), in which the stellar and plane-
tary companion rate of hot Jupiter systems is es-
timated to be ∼50%. While we emphasize the dif-
ferent planet populations between previous studies
(short-period planets) and systems reported in this
paper (long-period planets), the companion rate for
stars with gas giant planets is high regardless of the
orbital period of a planet.
Dawson & Murray-Clay (2013) found that giant
planets orbiting metal-rich stars show signatures of
planet-planet interactions, suggesting that multi-
planet systems tend to favorably reside in metal-
rich star systems. We check the metallicities of the
five systems exhibiting TTVs. The median metal-
licity is 0.07 ± 0.18. In comparison, the median
metallicity for the entire sample is −0.06±0.38 dex.
While there is a hint that the TTV sample is more
metal rich, the large error bars and the small sam-
ple prevent us from further studying the metallic-
ity distribution of systems exhibiting TTVs. How-
ever, studying the metallicity of planet host stars
remains a viable tool and future follow-up observa-
tions would allow us to use the tool to test planet
formation theory.
5.4. The Occurrence Rate of Long-Period Planets
The presence of long-period planets may affect
the evolution of multi-planet systems by dynami-
cal interaction (e.g., Rasio & Ford 1996; Dong et al.
2014). The dynamical effects result in observable
effects such as spin-orbit misalignment which pro-
vides constraints on planet migration and evolu-
tion (e.g., Winn et al. 2010). Therefore, measur-
ing the occurrence rate of long-period planets is
essential in determine their role in planet evolu-
tion. Cumming et al. (2008) estimated that the oc-
current rate is 5-6% per period decade for long-
period gas giant planets. Knutson et al. (2013) es-
timated that 51% ± 10% of hot-Jupiter host stars
have an additional gas giant planet in the same sys-
tem. However, these studies are sensitive to planets
with mass higher than ∼0.3 Jupiter mass. The Ke-
pler mission provides a large sample of small planets
(likely to be low-mass planets), which can be used
to infer the occurrence rate for small, long-period
planets. However, such analysis is limited to periods
up to ∼500 days (Dong & Zhu 2013; Petigura et al.
2013; Rowe et al. 2015). The upper limit is due to
the 3-transit detection criterion for Kepler planet
candidates. With the long-period planet candidates
in this paper, we will be able to probe the occurrence
rate of planets between 1 and 3 AU. To accomplish
this goal, a proper assessment of planet recovery
rate of the Planet Hunters is required. The frame-
work has already been provided by Schwamb et al.
(2012b) and this issue will be addressed in a future
paper. Estimating the occurrence rate of Neptune
to Jupiter-sized planets between 1 and 3 AU will be
an important contribution of Planet Hunters to the
exoplanet community.
5.5. K2 and TESS
The current K2 mission and future TESS (Tran-
siting Exoplanet Survey Satellite) missions have
much shorter continuous time coverage than the Ke-
pler mission. Each field of the K2 mission receives
∼75 days continuous observation (Howell et al.
2014). For the TESS mission, the satellite stays
in the same field for 27.4 days (Ricker et al. 2015).
Despite longer time coverage for a portion of its
field, the majority of sky coverage of TESS will re-
ceive only 27.4 days observation. Given the scan-
ning strategy of these two missions, there will be
many single-transit events. Estimating the orbital
periods for these events is crucial if some the tar-
gets with a single transit have significant scientific
value, e.g., planets in the habitable zone. More
generally, estimating orbital period helps to predict
the next transit and facilitates follow-up observa-
tions, especially for those searching for the next
transit (Yee & Gaudi 2008). Once more than one
transits are observed, more follow-up observations
can be scheduled such as those aiming to study tran-
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siting planets in details, e.g., CHEOPS (CHaracter-
ising ExOPlanet Satellite) and JWST (James Webb
Space Telescope).
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Fig. 1.— Transiting light curves for 1-transit planet candidates. Blue open circles are data points and black solid line is the
best-fitting model. Orbital parameters can be found in Table 1.
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Fig. 2.— Transiting light curves for 1-transit planet candidates. Blue open circles are data points and black solid line is the
best-fitting model. Orbital parameters can be found in Table 1.
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Fig. 3.— Transiting light curves for 2-transit planet candidates. Blue and red open circles are data points for odd- and
even-numbered transits. Black solid line is the best-fitting model. Orbital parameters can be found in Table 2.
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Fig. 4.— Transiting light curves for 3-transit planet candidates. Blue and red open circles are data points for odd- and
even-numbered transits. Black solid line is the best-fitting model. Orbital parameters can be found in Table 3.
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Fig. 5.— Left: distribution of the difference between the period estimated from individual transit (P¯ ) and the period estimated
from the time interval of consecutive transits (P ) for 24 candidate planetary systems with 2-3 visible transits. The difference
is normalized by measurement uncertainty of δP . Right: distribution of the fractional error δP/P .
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Fig. 6.— Scatter plot of planet radii vs. orbital periods for planet candidates discovered with Kepler data. Black dots
are Kepler planet candidates. Red filled circles are planet candidates from this work that are identified by Planet Hunters.
Planet candidates with a single transit are marked with red crosses. Yellow filled circles are planet candidates from previous
Planet Hunters papers: PH I (Fischer et al. 2012), PH II: (Schwamb et al. 2012a), PH III: (Schwamb et al. 2013), PH IV:
(Lintott et al. 2013), PH V: (Wang et al. 2013), PH VI: (Schmitt et al. 2014a), PH VII: (Schmitt et al. 2014b). Long-period
planet candidates are predominantly discovered by Planet Hunters.
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TABLE 1
Orbital Parameters (1 visible transit)
KIC KOI P Mode P Range a/R∗ Inclination RP/R∗ RP Epoch µ1 µ2 Comments
(days) (days) (deg) (R⊕) (BKJD) See §4.2 for details
2158850† 1203.8 [1179.3..2441.6] 1037.9+225.7−274.6 89.956
+0.058
−0.110 0.013
+0.002
−0.001 1.6
+1.0
−0.8 411.791
+0.008
−0.008 0.520
+0.330
−0.350 −0.070
+0.450
−0.430
3558849† 04307 1322.3 [1311.1..1708.4] 576.7+21.5−50.2 89.973
+0.023
−0.031 0.063
+0.002
−0.002 6.9
+1.0
−0.9 279.920
+0.440
−0.300 0.350
+0.300
−0.230 0.220
+0.370
−0.460 Multi, Validated
5010054† 1348.2 [1311.2..3913.9] 825.1+134.8−264.2 89.963
+0.140
−0.250 0.021
+0.002
−0.002 3.4
+1.8
−1.6 1500.902
+0.008
−0.009 0.400
+0.380
−0.280 −0.040
+0.420
−0.440 Multi
5536555† 3444.7 [1220.7..9987.4] 908.4+119.4−191.1 89.965
+0.024
−0.038 0.024
+0.003
−0.003 2.7
+1.4
−1.1 370.260
+0.033
−0.038 0.500
+0.350
−0.330 0.070
+0.430
−0.420 Cosmic artifact
5536555† 1188.4 [1098.6..4450.9] 431.8+71.1−97.8 89.887
+0.068
−0.130 0.024
+0.002
−0.001 2.7
+1.2
−1.0 492.410
+0.009
−0.008 0.510
+0.340
−0.340 −0.140
+0.410
−0.410
5951458† 1320.1 [1167.6..13721.9] 278.1+109.1−66.0 89.799
+0.090
−0.120 0.040
+0.089
−0.008 6.6
+26.3
−4.2 423.463
+0.010
−0.013 0.520
+0.330
−0.350 0.000
+0.430
−0.420 Validated
8410697† 1104.3 [1048.9..2717.8] 446.0+7.7−17.1 89.976
+0.024
−0.031 0.072
+0.001
−0.001 9.8
+4.9
−4.7 542.122
+0.001
−0.001 0.410
+0.130
−0.130 0.210
+0.240
−0.230
8510748†,†† 1468.3 [1416.0..5788.4] 569.5+145.4−203.5 89.938
+0.044
−0.073 0.012
+0.001
−0.001 3.6
+2.4
−2.1 1536.548
+0.013
−0.015 0.500
+0.300
−0.300 0.000
+0.450
−0.450 Binary
8540376† 75.2 [74.1..114.1] 103.9+14.1−14.1 89.701
+0.160
−0.160 0.018
+0.004
−0.005 2.4
+1.9
−1.4 1516.911
+0.020
−0.020 0.510
+0.340
−0.340 0.000
+0.440
−0.420 Multi, Validated, Q16 and Q17 data only
9704149† 1199.3 [1171.3..2423.2] 600.9+71.2−121.8 89.955
+0.059
−0.076 0.054
+0.003
−0.003 5.0
+1.4
−1.3 419.722
+0.007
−0.007 0.490
+0.330
−0.320 −0.080
+0.450
−0.440 Possible incomplete second transit
9838291† 3783.8 [1008.5..8546.1] 930.4+72.1−97.5 89.974
+0.069
−0.063 0.043
+0.001
−0.001 5.1
+1.8
−1.8 582.559
+0.003
−0.004 0.280
+0.250
−0.180 0.430
+0.280
−0.370
10024862† 735.7 [713.0..1512.8] 324.1+41.2−36.2 89.905
+0.030
−0.022 0.098
+0.004
−0.004 11.8
+3.7
−3.4 878.561
+0.004
−0.004 0.370
+0.310
−0.250 0.280
+0.370
−0.500 Multi
10403228 88418.1 [846.5..103733.3] 13877.4+400.0−408.4 89.996
+0.011
−0.009 0.269
+0.022
−0.024 9.7
+2.4
−2.2 744.843
+0.013
−0.013 0.550
+0.310
−0.370 0.050
+0.420
−0.410 V-shape
10842718 1629.2 [1364.7..14432.2] 347.5+19.8−23.9 89.938
+0.010
−0.008 0.071
+0.002
−0.002 9.9
+5.4
−5.0 226.300
+1.100
−0.520 0.700
+0.180
−0.240 −0.150
+0.400
−0.300 Bimodal in inferred period
10960865 265.8 [233.7..3335.9] 99.7+13.7−28.6 89.703
+0.240
−0.530 0.024
+0.003
−0.003 3.9
+3.0
−2.5 1507.959
+0.007
−0.006 0.510
+0.330
−0.340 −0.010
+0.450
−0.450
11558724 276.1 [267.0..599.3] 181.1+10.1−25.8 89.897
+0.021
−0.032 0.043
+0.002
−0.002 5.9
+2.9
−2.7 915.196
+0.003
−0.003 0.470
+0.330
−0.310 −0.130
+0.460
−0.430
12066509 984.6 [959.0..1961.7] 460.8+89.4−72.3 89.925
+0.050
−0.036 0.062
+0.003
−0.003 7.1
+2.3
−2.2 632.090
+0.004
−0.004 0.360
+0.330
−0.250 0.240
+0.390
−0.500
Note. — †: Targets with AO follow-up observations. ††: Targets with detected stellar companions as reported in Table 6. The AO detection limits are given in Table 5.
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TABLE 2
Orbital Parameters (2 visible transits)
KIC KOI P a/R∗ Inclination RP/R∗ RP Epoch µ1 µ2 Comments
(days) (deg) (R⊕) (BKJD) See §4.3 for details
3756801 01206 422.91360+0.01608−0.01603 92.2
+21.0
−27.0 89.620
+0.280
−0.360 0.036
+0.003
−0.002 5.1
+2.2
−1.9 448.494
+0.008
−0.008 0.260
+0.310
−0.180 0.410
+0.340
−0.500
5010054† 904.20180+0.01339−0.01212 291.9
+26.0
−62.0 89.918
+0.057
−0.093 0.028
+0.001
−0.001 4.6
+2.2
−2.0 356.412
+0.009
−0.008 0.460
+0.330
−0.310 0.050
+0.440
−0.450
5522786† 757.09520+0.01176−0.01211 330.3
+45.0
−77.0 89.913
+0.062
−0.083 0.009
+0.001
−0.001 1.9
+0.4
−0.3 282.995
+0.009
−0.008 0.320
+0.360
−0.230 −0.060
+0.360
−0.400
5732155†,†† 644.21470+0.01424−0.01598 204.3
+15.0
−31.0 89.894
+0.073
−0.100 0.059
+0.002
−0.002 9.9
+5.2
−4.7 536.702
+0.006
−0.005 0.410
+0.320
−0.270 0.040
+0.440
−0.460 Binary
6191521 00847 1106.24040+0.00922−0.00954 326.6
+30.0
−26.0 89.862
+0.020
−0.020 0.068
+0.002
−0.002 6.0
+0.8
−0.6 382.949
+0.007
−0.008 0.480
+0.340
−0.320 0.150
+0.390
−0.400 Multi
8540376 31.80990+0.00919−0.00933 34.7
+3.7
−6.9 89.300
+0.490
−0.720 0.030
+0.002
−0.002 4.1
+2.2
−1.9 1520.292
+0.006
−0.006 0.570
+0.300
−0.350 0.030
+0.440
−0.420 Multi, Validated, Q16 and Q17 data only
8636333†† 03349 804.71420+0.01301−0.01500 343.8
+21.0
−52.0 89.946
+0.038
−0.062 0.044
+0.002
−0.002 4.5
+0.5
−0.5 271.889
+0.009
−0.012 0.420
+0.340
−0.280 0.080
+0.430
−0.470 Multi, Binary
9662267† 466.19580+0.00850−0.00863 357.1
+37.0
−82.0 89.931
+0.049
−0.081 0.035
+0.002
−0.002 4.5
+1.7
−1.6 481.883
+0.006
−0.006 0.590
+0.280
−0.350 −0.060
+0.460
−0.440
9663113 00179 572.38470+0.00583−0.00567 153.5
+23.0
−15.0 89.768
+0.095
−0.062 0.041
+0.001
−0.001 4.6
+0.6
−0.7 306.506
+0.004
−0.004 0.450
+0.330
−0.270 0.040
+0.390
−0.420 Multi, Validated
10255705†,†† 707.78500+0.01844−0.01769 92.1
+27.0
−11.0 89.510
+0.210
−0.110 0.034
+0.002
−0.003 8.9
+3.6
−3.5 545.741
+0.014
−0.013 0.620
+0.250
−0.350 0.250
+0.350
−0.280 Binary
10460629 01168 856.67100+0.01133−0.01039 275.4
+15.0
−40.0 89.932
+0.048
−0.075 0.028
+0.001
−0.001 3.8
+0.8
−0.8 228.451
+0.008
−0.006 0.420
+0.320
−0.280 −0.070
+0.420
−0.420 EB, Unstable, Likely blending (§5.2)
10525077 05800 854.08300+0.01628−0.01697 239.3
+46.0
−52.0 89.861
+0.096
−0.098 0.050
+0.003
−0.003 5.5
+0.9
−0.8 335.236
+0.012
−0.012 0.500
+0.310
−0.310 0.140
+0.410
−0.430 Multi, Validated, Uncertain period (P = 427 or 854
10525077 05800 427.04150+0.01487−0.01628 130.9
+14.0
−30.0 89.800
+0.140
−0.220 0.049
+0.003
−0.002 5.4
+0.9
−0.8 335.238
+0.011
−0.012 0.500
+0.310
−0.310 0.160
+0.410
−0.440 Multi, Validated, Uncertain period (P = 427 or 854
12356617†† 00375 988.88111+0.00137−0.00146 1059.5
+29.0
−53.0 89.966
+0.003
−0.004 0.069
+0.001
−0.001 12.5
+2.4
−2.3 239.224
+0.001
−0.001 0.650
+0.230
−0.320 −0.050
+0.460
−0.330 Binary
12454613† 736.37700+0.01531−0.01346 257.0
+140.0
−50.0 89.820
+0.120
−0.064 0.033
+0.002
−0.002 3.2
+0.6
−0.6 490.271
+0.014
−0.012 0.460
+0.360
−0.310 −0.030
+0.450
−0.430
Note. — All targets have AO imaging observations. Targets with follow-up spectroscopic observations are marked with a †. ††: Targets with detected stellar companions as reported in Table 6. The AO detection limits are given in Table 5.
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TABLE 3
Orbital Parameters (3-4 visible transits)
KIC KOI P a/R∗ Inclination RP/R∗ RP Epoch µ1 µ2 Comments
(days) (deg) (R⊕) (BKJD) See §4.4 for details
5437945 03791 440.78130+0.00563−0.00577 158.9
+5.1
−12.0 89.904
+0.066
−0.086 0.047
+0.001
−0.001 6.4
+1.6
−1.6 139.355
+0.003
−0.003 0.320
+0.180
−0.160 0.290
+0.270
−0.290 Multi, Validated
5652983 00371 498.38960+0.01166−0.01131 215.8
+29.0
−33.0 89.721
+0.049
−0.072 0.111
+0.061
−0.057 35.9
+24.7
−20.0 244.083
+0.008
−0.008 0.550
+0.310
−0.360 0.000
+0.420
−0.430 Large RV variation, likely a false positive
6436029 02828 505.45900+0.04500−0.04102 155.5
+32.0
−39.0 89.661
+0.072
−0.150 0.047
+0.012
−0.005 4.1
+1.3
−0.7 458.092
+0.035
−0.031 0.510
+0.340
−0.360 0.000
+0.430
−0.440 Multi
7619236† 00682 562.70945+0.00411−0.00399 311.9
+16.0
−14.0 89.851
+0.012
−0.011 0.077
+0.002
−0.002 9.9
+1.9
−1.8 185.997
+0.002
−0.002 0.410
+0.370
−0.280 0.230
+0.360
−0.440 TTV
8012732† 431.46810+0.00358−0.00365 160.2
+5.4
−4.6 89.741
+0.018
−0.015 0.074
+0.001
−0.002 9.8
+4.1
−3.9 391.807
+0.002
−0.002 0.560
+0.290
−0.320 0.000
+0.430
−0.360 TTV
9413313† 440.39840+0.00275−0.00282 352.1
+7.2
−15.0 89.966
+0.023
−0.028 0.080
+0.001
−0.001 12.6
+7.2
−6.9 485.608
+0.002
−0.002 0.380
+0.130
−0.130 0.450
+0.200
−0.250 TTV
10024862† 567.04450+0.02557−0.02936 230.9
+37.0
−81.0 89.868
+0.095
−0.190 0.046
+0.003
−0.003 5.5
+2.0
−1.6 359.666
+0.017
−0.021 0.410
+0.370
−0.280 0.070
+0.430
−0.480 TTV
10850327 05833 440.16700+0.01738−0.01671 124.9
+36.0
−21.0 89.570
+0.120
−0.100 0.032
+0.003
−0.003 3.5
+0.7
−0.6 470.358
+0.011
−0.011 0.570
+0.310
−0.370 0.120
+0.390
−0.360
11465813†† 00771 670.65020+0.01018−0.01018 85.2
+1.1
−1.1 89.535
+0.013
−0.012 0.136
+0.002
−0.002 13.8
+1.1
−1.1 209.041
+0.004
−0.004 0.420
+0.260
−0.240 0.340
+0.360
−0.380 Multi, Binary, Varying depth, Likely a false positive
11716643† 05929 466.00010+0.00799−0.00775 380.5
+24.0
−61.0 89.947
+0.037
−0.059 0.047
+0.002
−0.002 4.2
+0.5
−0.4 434.999
+0.005
−0.005 0.490
+0.280
−0.290 0.230
+0.370
−0.420 TTV
Note. — All targets have AO imaging observations. Targets marked with a † are systems displaying TTVs. ††: Targets with detected stellar companions as reported in Table 6. The AO detection limits are given in Table 5.
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TABLE 4
Stellar Parameters
KIC KOI α δ Kp Teff log g [Fe/H] M∗ R∗ Orbital Solutions
(h m s) (d m s) (mag) (K) (cgs) (dex) (M⊙) (R⊙) in Table
2158850 19 24 37.875 +37 30 55.69 10.9 6108+203−166 4.48
+0.14
−0.60 −1.96
+0.34
−0.26 [0.72..0.96] [0.63..1.54] 1
3558849 04307 19 39 47.962 +38 36 18.68 14.2 6175+168−194 4.44
+0.07
−0.27 −0.42
+0.28
−0.30 [0.87..1.09] [0.90..1.11] 1
3756801 01206 19 35 49.102 +38 53 59.89 13.6 5796+162−165 4.12
+0.26
−0.22 −0.02
+0.24
−0.28 [0.89..1.19] [0.87..1.75] 2
5010054† 19 25 59.610 +40 10 58.40 14.0 6300+400−400 4.30
+0.50
−0.50 0.02
+0.22
−0.28 [0.87..1.32] [0.87..2.13] 1,2
5437945 03791 19 13 53.962 +40 39 04.90 13.8 6340+176−199 4.16
+0.22
−0.25 −0.38
+0.28
−0.30 [0.90..1.24] [0.95..1.53] 3
5522786† 19 13 22.440 +40 43 52.75 9.3 8600+300−300 4.20
+0.20
−0.20 0.07
+0.14
−0.59 [1.86..2.19] [1.63..2.12] 2
5536555 19 30 57.482 +40 44 10.97 13.5 5996+155−159 4.49
+0.06
−0.28 −0.48
+0.30
−0.26 [0.69..0.98] [0.67..1.38] 1
5652983 00371 19 58 42.276 +40 51 23.36 12.2 5198+95−95 3.61
+0.02
−0.02 · · · [1.13..1.61] [2.70..3.23] 3
5732155† 19 53 42.132 +40 54 23.76 15.2 6000+400−400 4.20
+0.50
−0.50 −0.04
+0.22
−0.30 [0.87..1.33] [0.82..2.25] 2
5951458 19 15 57.979 +41 13 22.91 12.7 6258+170−183 4.08
+0.28
−0.23 −0.50
+0.30
−0.30 [0.77..1.19] [0.70..2.34] 1
6191521 00847 19 08 37.032 +41 33 56.84 15.2 5665+181−148 4.56
+0.05
−0.27 −0.58
+0.34
−0.26 [0.77..0.92] [0.75..0.88] 2
6436029 02828 19 18 09.317 +41 53 34.15 15.8 4817+181−131 4.50
+0.08
−0.84 0.42
+0.06
−0.24 [0.79..0.88] [0.75..0.84] 3
7619236 00682 19 40 47.518 +43 16 10.24 13.9 5589+102−108 4.23
+0.13
−0.12 0.34
+0.10
−0.14 [0.93..1.12] [0.98..1.36] 3
8012732 18 58 55.079 +43 51 51.18 13.9 6221+166−249 4.29
+0.12
−0.38 0.20
+0.16
−0.32 [0.77..1.07] [0.75..1.69] 3
8410697 18 48 44.594 +44 26 04.13 13.4 5918+157−152 4.37
+0.14
−0.24 −0.42
+0.30
−0.26 [0.74..1.08] [0.66..1.85] 1
8510748 19 48 19.891 +44 30 56.12 11.6 7875+233−309 3.70
+0.28
−0.10 0.04
+0.17
−0.38 [1.36..2.40] [1.20..4.23] 1
8540376 18 49 30.607 +44 41 40.52 14.3 6474+178−267 4.31
+0.10
−0.33 −0.16
+0.23
−0.32 [0.84..1.23] [0.70..1.82] 1,2
8636333 03349 19 43 47.585 +44 45 11.23 15.3 6247+175−202 4.49
+0.04
−0.27 −0.34
+0.26
−0.30 [0.86..1.03] [0.87..1.01] 2
9214713† 00422 19 21 33.559 +45 39 55.19 14.7 6200+400−400 4.40
+0.50
−0.50 −0.30
+0.26
−0.30 [0.84..1.17] [0.79..1.66] 3
9413313 19 41 40.915 +45 54 12.56 14.1 5359+167−143 4.40
+0.13
−0.39 0.02
+0.28
−0.26 [0.72..1.17] [0.66..2.24] 2
9662267† 19 47 10.274 +46 20 59.68 14.9 6000+400−400 4.50
+0.50
−0.50 −0.06
+0.22
−0.30 [0.88..1.21] [0.79..1.52] 2
9663113 00179 19 48 10.901 +46 19 43.32 14.0 6065+155−180 4.42
+0.08
−0.26 −0.28
+0.28
−0.30 [0.85..1.10] [0.91..1.15] 2
9704149 19 16 39.269 +46 25 18.48 15.1 5897+155−169 4.53
+0.03
−0.28 −0.16
+0.24
−0.30 [0.73..0.99] [0.67..1.02] 1
9838291 19 39 02.134 +46 40 39.11 12.9 6123+141−177 4.47
+0.05
−0.29 −0.14
+0.22
−0.30 [0.76..1.08] [0.72..1.42] 1
10024862 19 47 12.602 +46 56 04.42 15.9 6616+169−358 4.33
+0.08
−0.31 0.07
+0.19
−0.39 [0.89..1.24] [0.82..1.39] 1,3
10255705† 18 51 24.912 +47 22 38.89 12.9 5300+300−300 3.80
+0.40
−0.40 −0.12
+0.33
−0.30 [0.98..1.40] [1.62..3.23] 2
10403228†† 19 24 54.410 +47 32 59.93 16.1 3386+50−50 4.92
+0.06
−0.07 0.00
+0.10
−0.10 [0.27..0.37] [0.28..0.38] 1
10460629 01168 19 10 20.830 +47 36 00.07 14.0 6449+163−210 4.23
+0.16
−0.27 −0.32
+0.24
−0.30 [0.94..1.29] [1.02..1.47] 2
10525077 05800 19 09 30.737 +47 46 16.28 15.4 6091+164−213 4.42
+0.06
−0.30 −0.04
+0.22
−0.30 [0.89..1.13] [0.91..1.11] 2
10842718 18 47 47.285 +48 13 21.36 14.6 5754+159−156 4.38
+0.12
−0.24 −0.06
+0.26
−0.26 [0.74..1.12] [0.65..1.90] 1
10850327 05833 19 06 21.895 +48 13 12.97 13.0 6277+155−187 4.43
+0.07
−0.28 −0.46
+0.28
−0.30 [0.87..1.10] [0.90..1.10] 3
10960865 18 52 52.675 +48 26 40.13 14.2 5547+196−154 4.05
+0.34
−0.26 0.02
+0.26
−0.26 [0.73..1.19] [0.62..2.42] 1
11465813 00771 19 46 47.666 +49 18 59.33 15.2 5520+83−110 4.47
+0.04
−0.14 0.48
+0.08
−0.16 [0.88..1.03] [0.87..0.99] 3
11558724 19 26 34.094 +49 33 14.65 14.7 6462+177−270 4.32
+0.10
−0.35 −0.08
+0.22
−0.32 [0.81..1.22] [0.70..1.80] 1
11716643 05929 19 35 27.665 +49 48 01.04 14.7 5830+155−164 4.54
+0.03
−0.28 −0.14
+0.24
−0.28 [0.79..0.93] [0.77..0.87] 3
12066509 19 36 12.245 +50 30 56.09 14.7 6108+149−192 4.47
+0.04
−0.30 0.07
+0.15
−0.33 [0.80..1.11] [0.76..1.32] 1
12356617 00375 19 24 48.286 +51 08 39.41 13.3 5755+112−112 4.10
+0.14
−0.13 0.24
+0.14
−0.14 [0.98..1.25] [1.39..1.96] 2
12454613† 19 12 40.656 +51 22 55.88 13.5 5500+280−280 4.60
+0.30
−0.30 0.00
+0.24
−0.24 [0.82..1.00] [0.77..1.00] 2
Note. — Targets with follow-up spectroscopic observations are marked with an †. Their stellar properties are based on MOOG analysis. We report 1-σ range for stellar mass and
radius. ††: Stellar mass and radius are adopted from Huber et al. (2014).
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TABLE 5
AO Sensitivity to Companions
Kepler Observation Limiting Delta Magnitude
KIC KOI Kmag i J H K Companion Instrument Filter 0.1 0.2 0.5 1.0 2.0 4.0 Orbital
[mag] [mag] [mag] [mag] [mag] within 5′′ [′′] [′′] [′′] [′′] [′′] [′′] in
2158850 10.863 10.726 9.855 9.570 9.529 no NIRC2 KS 3.8 3.8 5.9 6.7 6.7 6.7
3558849 04307 14.218 14.035 13.092 12.819 12.766 no NIRC2 KS 3.3 3.3 5.4 6.9 7.0 6.8
3756801 01206 13.642 13.408 12.439 12.099 12.051 no NIRC2 KS 2.1 4.2 5.2 5.3 5.3 5.3
5010054 13.961 13.710 12.797 12.494 12.412 no NIRC2 KS 2.0 3.9 4.9 5.0 4.9 4.9
5010054 13.961 13.710 12.797 12.494 12.412 no Robo-AO i 0.2 0.5 2.3 3.8 4.6 4.7
5437945 03791 13.771 13.611 12.666 12.429 12.367 no NIRC2 J 2.4 3.5 5.3 5.7 5.7 5.7
5437945 03791 13.771 13.611 12.666 12.429 12.367 no NIRC2 KS 2.8 4.6 6.3 6.9 7.0 6.9
5522786 9.350 9.572 9.105 9.118 9.118 no NIRC2 KS 1.5 4.6 5.9 6.5 6.5 6.5
5522786 9.350 9.572 9.105 9.118 9.118 no Robo-AO i 0.0 0.4 2.7 4.6 6.9 8.0
5536555 13.465 13.285 12.313 11.971 11.933 no NIRC2 KS 3.6 3.6 5.3 5.6 5.5 5.5
5652983 00371 12.193 11.895 10.723 10.289 10.169 no NIRC2 KS 2.2 4.2 5.5 5.7 5.8 5.7
5732155 15.195 14.978 14.006 13.705 13.621 yes NIRC2 KS 2.1 3.5 4.8 4.9 5.0 5.0
5732155 15.195 14.978 14.006 13.705 13.621 no Robo-AO i 0.6 0.9 2.2 3.2 3.4 3.6
5951458 12.713 12.556 11.640 11.381 11.323 no NIRC2 KS 3.8 3.8 5.9 6.7 6.5 6.6
6191521 00847 15.201 14.970 13.935 13.585 13.569 no NIRC2 KS 2.0 3.7 4.9 5.1 5.1 5.1
6436029 02828 15.768 15.369 14.041 13.506 13.429 no NIRC2 KS 1.2 2.7 4.4 4.7 4.7 4.6
7619236 00682 13.916 13.692 12.688 12.378 12.260 no NIRC2 KS 1.8 3.8 4.8 5.0 5.0 4.9
8012732 13.922 13.727 13.094 12.794 12.790 no Robo-AO i 0.2 0.5 1.8 3.5 4.3 4.3
8410697 13.424 13.238 12.281 11.933 11.922 no NIRC2 KS 3.9 4.6 6.5 7.0 7.1 7.1
8510748 11.614 11.638 10.967 10.898 10.861 yes NIRC2 KS 4.9 4.9 6.5 6.8 6.8 6.6
8540376 14.294 14.151 13.259 13.013 12.965 no NIRC2 KS 4.0 4.0 4.3 4.3 4.3 4.3
8540376 14.294 14.151 13.259 13.013 12.965 no Robo-AO i 0.2 0.4 1.9 3.4 4.1 4.2
8636333 03349 15.292 15.113 14.192 13.890 13.880 yes NIRC2 H 1.0 2.0 3.6 4.8 5.0 5.0
8636333 03349 15.292 15.113 14.192 13.890 13.880 yes NIRC2 KS 1.0 2.3 3.9 4.6 4.7 4.6
9413313 14.116 13.835 12.733 12.335 12.227 no NIRC2 KS 1.9 3.7 4.8 4.9 4.9 4.9
9413313 14.116 13.835 12.733 12.335 12.227 no Robo-AO i 0.4 0.7 2.4 3.5 3.9 3.9
9662267 14.872 14.667 13.670 13.385 13.339 no NIRC2 KS 1.6 3.4 4.9 5.0 5.1 5.1
9662267 14.872 14.667 13.670 13.385 13.339 no Robo-AO i 0.4 0.6 2.4 3.2 3.8 3.8
9663113 00179 13.955 13.765 12.823 12.545 12.502 no NIRC2 KS 2.2 3.9 4.8 4.9 4.9 4.9
9704149 15.102 14.897 13.896 13.538 13.454 no NIRC2 KS 1.7 3.2 4.4 4.7 4.8 4.7
9704149 15.102 14.897 13.896 13.538 13.454 no Robo-AO i 0.6 0.8 2.1 3.1 3.5 3.5
9838291 12.868 12.703 11.826 11.548 11.496 no NIRC2 KS 4.3 4.3 6.4 7.2 7.4 7.2
10024862 15.881 15.712 14.846 14.551 14.541 no NIRC2 KS 0.7 1.8 2.2 2.2 2.2 2.3
10024862 15.881 15.712 14.846 14.551 14.541 no Robo-AO i 0.8 1.1 2.0 2.6 2.8 2.8
10255705 12.950 12.678 11.560 11.105 11.021 yes NIRC2 H 2.5 4.0 5.8 6.1 6.3 6.2
10255705 12.950 12.678 11.560 11.105 11.021 yes NIRC2 J 2.0 3.3 5.2 5.6 5.7 5.7
10255705 12.950 12.678 11.560 11.105 11.021 yes NIRC2 KS 2.4 4.2 5.6 5.7 5.8 5.8
10255705 12.950 12.678 11.560 11.105 11.021 yes Robo-AO i 0.2 0.3 1.7 3.1 4.6 5.0
10460629 01168 13.997 13.851 12.923 12.672 12.595 no NIRC2 KS 2.1 3.7 4.7 4.8 4.7 4.7
10525077 05800 15.355 15.163 14.143 13.868 13.753 no NIRC2 KS 1.9 3.4 4.5 4.8 4.8 4.8
10850327 05833 13.014 12.872 11.993 11.711 11.666 no NIRC2 KS 2.4 4.1 5.1 5.4 5.4 5.3
11465813 00771 15.207 15.068 13.678 13.317 13.253 yes NIRC2 H 1.0 2.5 4.7 5.2 5.0 5.2
11465813 00771 15.207 15.068 13.678 13.317 13.253 yes NIRC2 J 0.9 2.0 4.2 4.6 4.6 4.7
11465813 00771 15.207 15.068 13.678 13.317 13.253 yes NIRC2 KS 1.5 3.2 4.1 4.2 4.3 4.3
11716643 05929 14.692 14.485 13.483 13.095 13.092 no NIRC2 KS 2.1 3.4 4.2 4.3 4.3 4.3
12356617 00375 13.293 13.111 12.137 11.842 11.791 yes PHARO KS 0.1 0.8 2.5 4.0 4.9 5.0
12454613 13.537 13.306 12.326 11.929 11.867 no NIRC2 KS 2.0 4.2 5.3 5.4 5.5 5.5
12454613 13.537 13.306 12.326 11.929 11.867 no Robo-AO i 0.3 0.4 1.8 3.4 4.5 4.7
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TABLE 6
AO Detections
Kepler Companion
KIC KOI Kmag i J H K sep. P.A. ∆i ∆J ∆H ∆K
[mag] [mag] [mag] [mag] [mag] [′′] [deg] [mag] [mag] [mag] [mag]
5732155 15.195 14.978 14.006 13.705 13.621 0.93 221.1 4.94
8510748 11.614 11.638 10.967 10.898 10.861 0.17 111.9 3.13
8636333 03349 15.292 15.113 14.192 13.890 13.880 0.32 266.2 1.58 1.71
10255705 12.950 12.678 11.560 11.105 11.021 1.06 164.1 1.94 2.27 2.37 2.40
11465813 00771 15.207 15.068 13.678 13.317 13.253 1.77 282.7 0.77 0.74 0.65
12356617 00375 13.293 13.111 12.137 11.842 11.791 3.10 305.4 4.42
Note. — Typical uncertainties for companion separation (sep.), position angle (P. A.) and differential magnitude ∆Mag are 0′′.05, 0◦.5 and
0.1 mag. The uncertainties are estimated based on companion injection simulation (Wang et al. 2015).
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TABLE 7
Planet Confidence
KIC Epoch Depth Offset δ Offset Significance #Planet RP Confidence Comment Orbital Solutions
BKJD (ppm) (mas) (mas) (σ) Candidates (R⊕) in Table
2158850 411 169 0.2 0.3 0.5 1 1.6 0.946 1
3558849 279 3969 1.6 2.1 0.8 1 6.9 0.997 Validated 1
3756801 448 1296 0.7 1.3 0.6 1 5.1 0.980 2
5010054 1500 441 0.7 0.9 0.8 1 3.4 0.984 1
5010054 356 784 0.3 0.8 0.4 1 4.6 0.883 2
5437945 139 2209 0.3 0.8 0.4 2 6.4 0.999 Validated 3
5522786 282 81 0.3 0.3 1.1 1 1.9 0.960 2
5536555 370 576 0.7 1.3 0.5 1 2.7 0.922 1
5536555 492 576 0.5 0.9 0.6 1 2.7 0.922 1
5652983 244 12321 0.1 1.1 0.1 2 35.9 · · · Large RV and radius 3
5732155 536 3481 5.0 4.1 1.2 1 9.9 · · · Nearby Companion 2
5951458 423 1600 0.1 0.6 0.1 1 6.6 0.998 Validated 1
6191521 382 4624 0.7 2.8 0.3 1 6.0 0.966 2
6436029 458 2209 7.0 10.6 0.7 2 4.1 0.955 3
7619236 185 5929 1.6 1.2 1.3 1 9.9 0.984 3
8012732 391 5476 1.1 1.6 0.7 1 9.8 0.972 3
8410697 542 5184 0.4 1.4 0.3 1 9.8 0.996 1
8510748 1536 144 0.2 0.3 0.7 1 3.6 · · · Nearby Companion 1
8540376 1516 324 1.0 1.5 0.7 3 2.4 0.999 Validated 1
8540376 1520 900 0.2 1.6 0.1 3 4.1 0.999 Validated 2
8636333 271 1936 0.9 2.1 0.4 2 4.5 · · · Nearby Companion 2
9413313 485 6400 1.5 1.5 1.0 1 12.6 0.983 3
9662267 481 1225 0.5 1.7 0.3 1 4.5 0.961 2
9663113 306 1681 0.6 1.2 0.5 2 4.6 0.999 Validated 2
9704149 419 2916 1.7 3.3 0.5 1 5.0 0.965 1
9838291 582 1849 0.3 0.7 0.4 1 5.1 0.992 1
10024862 878 9604 2.9 5.1 0.6 1 11.8 0.730 1
10024862 359 2116 0.2 5.4 0.0 1 5.5 0.304 3
10255705 545 1156 0.9 0.7 1.3 1 8.9 · · · Nearby Companion 2
10460629 228 784 0.1 1.5 0.0 1 3.8 0.973 2
10525077 335 2500 1.7 3.8 0.5 2 5.5 0.998 Validated 2
10850327 470 1024 0.2 0.6 0.4 1 3.5 0.977 3
11465813 209 18496 1.0 3.3 0.3 1 13.8 · · · Nearby Companion 3
11716643 434 2209 1.7 2.8 0.6 1 4.2 0.708 3
12356617 239 4761 0.5 1.2 0.4 1 12.5 · · · Nearby Companion 2
12454613 490 1089 1.2 1.8 0.7 1 3.2 0.960 2
